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Objectiveé of the Inquiry. Multiple métrix sampling {s rapidly gaining popu-

' ‘

' larity as a tool for evaluation and research, but to date the development of

. ° s . o R .
the theory has far outsgtripped ‘the

the multiple matrix sampling literature shows that a sm

all minority of "the
studies conducted, to da’
. ot 2 = -

practical -application of it. A review of

. s .
te Have'been performed a priori. Most have been con-

“cerned with vérification Gf the theory for estimating- parameters from matfix

samples, and this have been éither:éoét ndc or MontéaCarlo studies. L

. Although several studies have demonstrated that, in theory, parameter
. rS - - L - =

. o

i % )
estimation can be accomplished through matrix sampling, little evidence exi

- * 3

L ¥

procedures to b€ used with multiple matrix sampling which will minimize the
. . ' ) . - L] R -

-

sts

that the'approach works in practice. “There is a need to develop and' verify

2

NS

practical problem of context effect. The purpose of this paper 'is:to propose

some guidelines for use when applying @uitiple matrix sampling techniques,
a . @ T -
to empiricall

Py

s

tqsg;types.

and

AR Y

y test the effectiveness of these'guidelineé with a variety of

/
Method. Inm this experiment, three tests were administered to fourth and fifth
D . . -] *

S -

grade pupils in selected s

. : 3

chools throughout New York ahd Pennsylvania. _The

.
.
H oL

tests were: C " /
: '; A e .
1. A 25-item short form of the Otis-Lennon Mental Ability Test, .
Intermediate II: level. * . - AJQ

‘ . . v
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¥ 2. The 60—item Intermediate I Science subtest of the Stanford ' . ;/
N ; ) P . T R ) ] /
" ! Achievement Test battery. e T -
B “ N ) o . - .
.3 A 35-itenm ‘test,.the Eastern Regional Institute for Education  ° e

(ERIE) Science Process Tést; desigred by ERIE pefsoghel to. 7

- LT
A measure objectives of ‘the Science--A Process Approach (SAPA)

Lo . i . . . ' L

-~ curricuium. . . 'A ‘ : .
et The?e.;ere'Eeveral':;asohs for‘selecting téese tests. The Qxi§7Leﬁnon ;
o ‘and the‘Science-Aghiéxgmgni tests are widely used st;naardizéd te;ts. 'Previ‘-c . " j
~7  ous test*n by ERIE showed them to be.of approximately 50 per cent &ifflculty - 51?3
o ., e

»

level for fourtb ‘grads rs, and, since flfth graders were to be used in the.

,study also, the distribution of scores was exnected to be negatively skewed.

S

é}ERIE Science Process test had been very difficult for fourth grade;s

0» .
. .. . e . .

. in’'previous testings (results from the previous yeag had yielded a meah of

12.h for thé 35 items) and the distribution‘of test scores was expected to be

severﬂly positively skéwed. : ' ) L - M : .

L4 % -~

t L &% ) . 1
In v1ntua11y all matrix samnling studles to date, a major obstacle to

- . EY
% s - -

,clear interpretation has been that subjects received both the item samples

_and the total test. But in this .study, no subject;who‘recei&eﬂfan item sample

received the total test, and vice versa. Two separate but parallel populatlons .

~d
.

) were generated by draW1ng two fourth and -two flfth grade classes in each of

1¥ schools. - A class in each grade from each school was administered the item-

+ samples, with the other two classes rece1v1ng the full tests. Thﬁs, no examinee '

E -

was contamlnated by being tested under both cond}t;ons, and yet parameters . g

estimdted through*matrix sampling'procedures could be compared to those esti~

%

mated by full test aﬁministrafion.o
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‘The administration of the fests was detigned to minimize the othér ma-
AN - 7
jor d1ff1cu1ty encountered “n many matrix.sampling stud1es—~v1olatlon of the

Pt e

assumption of H6 context effect, which is composged lakmely of two factors—-

speededness and fatigue. Irf order to minimize fatigue effects, the students - .,

who were glven the full tests recelved them over a two day period; the £

’ 4 @

Science Process Test’was administered” the flrst mornlng, the Otis-Lennon

. § s

- Aptitude Test that afternoon, and the Scierice Achievement Test the following -
1 : A )
" morning. The timeés allowed to complete the tests were 45, 30 and U45.minutes.

?

3 . Tespectively; dﬁiqh werk considered ample. The time allowed for stpdents —_—

.taking the‘item samples was 20 minutes, wﬁich‘yas considered'to-be a generous . °

- . .
; . -

estimate also. Thus, effects of speededness should have been minimal. . s
The item samples were chosen so that all samples were mutual%§'ex- ’ ,:

'a'.‘ % i “ - - - ‘ .

clusive and exhaustive. Figgésamples of five items each were ‘chosen from

. the Otis-Lennon; seven samples of five item§'egch from the Science Process
. ] ; pa 44 . ) ] . L
Test; and ten samples of six items each from the Science Achievement Test. '

’

The item samples from the tests were, combined go that each p0551ble

comblnatlon of the sﬁmples from the\three tests occurred at least twice,

PR
’

but no more than three times (there were a total of [5x7x10] 350 possible
v .i . )
combinations). Bboklets then were constructed with the items from the

Otis-Lennon as item numbetrs 1-5, the Science Process Test 6-10, and the Science

. = . . . N

Ach1eveme nt 1’—16 Eacﬁ‘§tudent knew only that he was receiving a 16-item

XN
-

tesﬁ; no mention was made of the fact that his item sample was composed of .

; R , »

, three different tests. .
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Data Sources. After p:rete"éting té-assure that the directions were clear *hind *
o . e . .
~-the time limits were reasonable, the -tests were administered to fourth and

fifth gréde stugents in the selected schools. The answer sheets were returned

. %

- -
+

to the author for scoring Bnd anaiysis.

Results.i A total o§'602 pupils took the fullibattery of tests, while 653

took the item samples. For each of the three tests, the mean and standard

- .-

geviation,wefe calculated. For the item samples, the statistics necessary to

- - B
rg =

estimate total te%t mean and standard deviation were caliculated. &hese results

‘are displayed in Tables 1-3. ) " ' . .

- \

In éach case, total test variapce was estimated two different ways.. The

Fm
-3 = * -

first estimate was caiéulated using an equation credited -to Eord,(l96d)2 )

* ' : v . - - £
V(X) = M-V(X) 1 + (M-1)KR20 1 T *
( ) ], o 2 N
Where V(X) = the estimated total test;variance .
M = the number of item:gamples .
V(Xi) = the variance, of the*ith item samplé
[y ° KRZO =t

he value of KR20. for the jth item sample

-

The second estimate was calculated using an equation from Hill (1972): .

R 76'o% v + Gevimed) s (2)

- { ) +
2
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1, 'Ttem Sample and Total Test Statistics

O’p.tainezi on the Otis-Lennon Test

»

¢ [y

Egtimated Total ':[‘est Variance

. ) . Number . . o
A - . of Estimated Total Lerd .1 Hill
Item Sample No.:® Pupils - Test Mean Estimate Estimate- .
1 136 19.41 18.36 172.59 = .
4 137 ¢ .. 17,56 27.32 , £5.27 e
3 127 16.61 36.92 50.86
b 126- 15.24 21.29 13.99 =™
5 I LS -y D) " 16.06 18.43 . 16.00"
" Weighted mean 7
over item samples 3 16.92 2446 21,94 ..
° o v"\[ -7 -
o; ]
Tctali.,'i’est_'Results' : .
Number of .
Pupils Mean Variance N
. 602 N 17.08 29.05 -
’ &
4
'c‘\ - L
- ﬁ .
6 .
- 1- - M ——_— e et i b et
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Obtained
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=  Table 2. Item Sam
K3

-

ot the¥ERIE Science Process Test °

J

ple and Total Test Statistics -

! .

\

: Number iy Estimated Total Test Variance
L ; _of . | ' Estimated'Total Lord -, Hill
ITtem Samble No. - " Pupils' Test Mean +  Estimate Estimate
8 i .
R 24" ‘abob | ug.gg k.09
.2 o 93 1. 17276 78.64 24.68:
3 ) g . 8. 10.78 11.21 6.95 -
4 - .| 1, 13.35 50.09 46.52
5 2 -7 1h.46 - 28.13 - 2h.06
6 91 S N "19.65 ° _ v 10.24
7 . +99 . 11.67 - 13.4 =7.85
Weighted mean : - . \
jover item gamples 13.98 ©29.78 . 21.25

s

Tobal Test Résults

a

*

- Number®of v :
Pupils . |° Mean s, Variance
602 % 1. 14.16 . 20.70

\

\i -




4 - i ‘:’_ ] : ? . ’ . B
- + ‘ - ‘. '?//" ’ -
. <4 ) 3 - . [ )
* o 7 - a 4
- . > ° .
& 4 - ° ~ K \
Table 3. Item Sample and Tptal Test Statistics Obtaméd on the .
. Sténford Science Achievement Subtest.
¢ - o ) - ’ 1“ A .
] Number .. | _Estimated Totdl 'I.'est Variance .
i ' ‘ of Estimated Total | Yord. Hill.
4 Item Sample No. Pupils ~ Test Mean Estimate Estimate
: 1 - 65 Soabklm 146.01 136.74
-2 - 69 - 39,13 . .208.24 200.98 ¢
. 3 63 33,65 - 96.11 _ 81.28
g kb 61 30.82° 154.25" 141,03 -
5. P72 . 37.22 , - 149.59 - 1%6.56
T 6 <70, - Wk 7461 (5772
7 62 bh, 19 2 69.11. 55.25
- 8 : T 60 | - 39.33 . 107.68 89.16 . -
9 , 67 31.04 - - - 89.64 I 2 P, R
10 64 -~ 38.28 .- 1 -- 111.70 ,1(13,1&
" Weighted wmean - .l . o ' i} -
- pver item gamples ~ ‘ T 37,71 120.69 108 36
. Total Test Results ™ .~ L
S . Number of i ' ¥ )
oW . Pupils Mean .- Variance -
. 602 » .. | 108026 «
, f 2 —~ - .
- - . ‘ ) . 'J-é -
¢ » %
A t . "4 )
‘)'5 bt v
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o ‘F-ratxos ﬂomputed to'test for statlstlcally 51gn1f1can§ dlfferences,

H e .
f o \

between the means-of the testlng condltxons were 95, .30 and 4 40 for the . -

o ghree tests, resnectively, “‘with 1 aund 1253 degreeﬁ’oiefreedom. (More prop-

efIye\EEe Feratios should be calculated with class as ‘the experlmental unit, )
" , s?rce subje3fs~were not randomly a551gned to clasSes. But since the 1ntént .

ef these_calqulatlons is to show- the' hlgh degree of 81m11ar1ty between the
I Y . o~ %
two samﬁling results, the mere consegyetlve approach of using subaects es . e

T . the experlment units 1svused). These results show no matrix sampllng bias
. N :

for the f1rs* two tests, and a yery slight blas for the thard tegt. . - ., LR

& k3 \ : . “ :

o F—ratlos computed to test for statlstlcally s;gnlflcant dlfferences T Y

[ ] . . ' . 3

between the obtained variande and the Lord estzmaxe of the varlance wexe _ p

‘s . 0

1. lg;, 1.19 and 1.12 for the three tests res;sectwely, with, 601 and 652

=~

. . degrees oféfgeedcm. These resuits are statzstlcally 51gn1f1cant at the 105

.7

level, two-tazleda for ﬂhe flrst test gply.' FaratloSScompnted using the 3111 3
ey o a7
estlmate cf the varlance were 1*03, 1 32 and 1.00 for the tpree tests. respec-

[}
L A .

= “tively. These results are;stetlstlcally significant Sor.the second test..

» .

bigguesidﬁ ané‘conclgsion. _The results indicate that matrix'sampling';éh be
, M - -7 2 ! M " ‘
‘g{eéficaliy:ap§lied when care is taken to'minimize violation of assumptions. T
- Thé very close, matcnups éf’geanSBQQ?tﬁe Séienéeeg;ocess éest'anﬂ fhe' . - .
: * \ . . .~ !
Otig-Lemnon reflect this. The;higher mean_ob?aiéed from the mayrix-eampled ‘~°y.itﬁ

v ' €
- > -

e * _pupils on the Stanford may well emanate from a violation of the assumpticns

- - . . - ,

N ,
. . .

-

‘discussed earlier. The Stanford was given last in afi casesy after:t!éx

-
. ’
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' yests the pre\uous day. eO‘oseﬁ?tmn 1nd1cated that both pupils and teach.ers .
- .~ 4 - n . hy
1 a by .
were tes»t—wear_y .and 1t was not unexpectpd to find }ower mean scoxes’ o thls '
" tesﬁ from the total best groun., Had the admmlstratlon of the Stanfoﬂ‘ been
L — N
L]
: dnlayeé for nerhaps a week, the “e,sul*s may haVe correlated as well wlth 3 ‘
» - 4 ) ¥ . '
< matrix sampling es‘tl'mates as did the other two tests. . . . >
, -2 - l
= ‘-‘ . ] Qir . " ’-‘ % . - P . . = '
s« The result—s concer mpg the' variances were very much as expected. - -
‘ * * .
. .
3 ) Prnvmus -studies had ‘preduced results whlch indicated that variances could be - »
) - A l. -
, " estimated well by matrix,samﬁling; Both t!ie. Lord ‘and Hill_estima.tes were: -l .
) : ' . : ' . v - - . e e
. - L 0
N Q - . v ’
S effective investimating total-test var{ance in,two of the three cases. .
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